Objectives-To evaluate the effect of a short-term training program in emergency ultrasound on physician skills and attitudes in southwestern Tanzania.
T he focused assessment with sonography for trauma (FAST) examination allows for rapid identification of free abdominal fluid and pericardial effusion and has become a standard of care in the United States for rapid evaluation of patients with blunt trauma. The FAST examination is particularly useful in the unstable patient who cannot safely be transferred to a computed tomographic (CT) scanner or in settings where CT is not readily available. In the past decade, the utility of bedside ultrasound in resource-limited settings has been realized, particularly for the management of trauma. Ultrasound represents a low-cost and more widely available imaging modality compared to CT for rapid evaluation. The FAST examination is potentially even more useful for early diagnosis in rural areas, where there are long transport distances to definitive care. Some studies have also shown a higher rate of positive findings in these settings, likely from more severe trauma and delayed presentations. 1 Despite these results, the FAST examination is not commonly used in low-and middleincome countries because of a lack of equipment and provider training.
Ultrasound training has become a standard component of emergency medicine residency training in the United States. 2 Guidelines have been established for the didactic content and practical training expectations for this setting.
3, 4 In many low-and middle-income countries, however, the providers responding to trauma are not trained in emergency medicine and have little or no experience with point-of-care ultrasound. If the FAST examination can be effectively implemented by nonemergency medicine providers after brief training, access to rapid, noninvasive trauma diagnostic methods could be greatly enhanced. In addition, the skills learned in the FAST examination could easily be applied to evaluations for ascites, pleural effusion, and other conditions in the nontrauma setting.
Many ultrasound training programs have been performed in resource-limited settings, but most have taken a broad approach to general ultrasound training or have focused on obstetrics. 5 No standard curriculum for ultrasound training in this setting has been adopted, although broad recommendations have been proposed by the World Health Organization 6 and the International Federation of Emergency Medicine, which emphasize the importance of appropriate user training and development of curricula that match the needs of the country. 7 Literature specific to teaching the FAST examination in countries with limited resources is sparse, with approaches ranging from a 2 1 = 2 -hour program 8 to a 4-day emergency ultrasound course. 9 Tanzania is one example of a low-income country that could benefit from more widespread effective training and application of the FAST examination. Unintentional injury is one of the most common causes of death and disability in the country, resulting in more than 2 million disability-adjusted life years in 2012. Road injury alone is the ninth most common cause of death in Tanzania and is responsible for more than 10,000 deaths per year. 10 To meet the needs of these patients, the Mbeya Zonal Referral Hospital (MZRH) in southwestern Tanzania has been making strides to improve emergency medical care, including access to emergency ultrasound, and has sought training assistance from domestic and international partners. In partnership with the Muhimbili National Hospital and the University of South Carolina School of Medicine Departments of Family Medicine and Emergency Medicine, MZRH hosted a 5-day practical emergency ultrasound course in 2015 with focus on the FAST examination. In this study, we evaluated the execution and initial impact of this training on providers' confidence, skills, and attitudes related to ultrasound.
Materials and Methods

Study Clearance and Ethical Consideration
The local Mbeya Research Ethics Committee of MZRH and the Institutional Review Board of the University of South Carolina School of Medicine approved this study. All participants provided informed consent for participation in the study. No outside funding was provided for the execution of the training program or the study evaluating its effectiveness.
Study Setting
The project was conducted at MZRH, a 477-bed hospital located in Mbeya City in the southern highlands of the United Republic of Tanzania. It serves as a tertiary referral hospital overseeing the care for a catchment population of more than 6 million people. The hospital has inpatient services for medical, pediatric, obstetrics and gynecology, surgical, and trauma care but is not equipped with a CT scanner. Patients requiring CT or a higher level of care must be transferred 12 hours by ground to Muhimbili National Hospital in the city of Dar Es Salaam. Muhimbili National Hospital is also the site of the first and only emergency medicine residency program in Tanzania. None of the physicians currently working at MZRH have completed an emergency medicine residency. Mbeya Zonal Referral Hospital has 1 physician radiologist and 1 midlevel provider trained in radiology, who perform all formal ultrasound studies at the hospital. Radiology staff, including radiographic technicians, are not routinely on-site outside normal the working hours of 7:30 AM to 3:30 PM Monday to Friday but are available on-call.
Training Program
Training was conducted by 1 US emergency medicine attending physician, 1 US family medicine attending physician, 1 US emergency medicine resident, and 1 Tanzanian emergency medicine resident. The emergency medicine physicians received formal ultrasound training during residency, as outlined by the Accreditation Council for Graduate Medical Education recommendations, and routinely use ultrasound in practice; the family medicine physician performed or supervised more than 800 bedside studies as part of a global health fellowship. The 5-day training program was implemented in August 2015. Physician participants were excused from their duties for a 1-to 2-hour didactic session each morning. Most of the practical sessions involved on-the-job training, as one of the course trainers would accompany participants to their clinical daily duties in the casualty department, outpatient department, or ward rounds to supervise scanning patients in real time (Table 1) .
Teaching and Assessment Material
Teaching materials and course evaluation surveys were developed from open-access sources as well as material from the American College of Emergency Physicians and Third Rock Ultrasound (Columbia, SC) with permission. Third Rock Ultrasound is a for-profit private company established in 1998, which provides ultrasound training to emergency medicine physicians across the United States through in-person and online courses. The pretest and posttest used were preexisting publicly available Web-based tests developed by American College of Emergency Physicians members. The test included complex questions regarding image acquisition, interpretation, and clinical application of emergency ultrasound, including the FAST examination. 10 Of note, these were Web-based tests based on a database of questions that cycle randomly for each administration, meaning the pretest questions could not simply be memorized to improve posttest performance.
Lecture material was prepared in the PowerPoint format (Microsoft Corporation, Redmond, WA) and adapted for the local context. Bedside ultrasound scans were performed with 3 Vscan units (GE Healthcare, Wauwatosa, WI): 2 of these are owned by MZRH the other brought from the United States for the training. The Vscan is an ultraportable pocket-sized ultrasound system with a 1.7-3.8-MHz phased array transducer designed for use at the bedside. All participants performed the end-of-course objective structured clinical examination (OSCE) on a single standardized patient and were evaluated by the US emergency medicine attending physician. The OSCE followed a protocol already established in the literature, which required each course participant to demonstrate and interpret each of the 4 views of the FAST examination. 11 In addition to the posttest, a post-training feedback survey was administered to help critique the course format, satisfaction, feasibility, subjective competency, and likeliness to use skills learned in future practice.
Participant Selection
Based on the hospital's request, this training focused on hospital registrar physicians: physicians who completed medical school and 1 year of internship but had not yet specialized. Physicians who were employed at MZRH, cared for trauma patients, and were able to speak and write English were eligible for inclusion. Kiswahili and English are both official languages in Tanzania, but English is the language of instruction in secondary schools and all institutions of higher learning. Physicians who had not completed an internship, had prior radiology training, were not functional in English, or did not care for trauma patients were excluded from the study. Eight total participants, with varying levels of emergency medicine and ultrasound experience, were selected by the site hospital to participate in the project. The training course was provided free of charge to participants, and a certificate of completion was awarded at the end of the training for successful completion of the course.
Data Analysis
Data variables collected included basic participant demographics, pretest and posttest scores, OSCE scores, and course evaluation survey responses. A paired t test was used to evaluate the changes in the physicians' mean test scores before and after training. The OSCE scores are presented as mean scores with standard deviations. The scoring system was based on a scale already documented 
Results
A total of 8 physicians attended and completed the course. There was 88% average attendance for enrolled participants over the 4 days of didactic and practical training and 100% attendance for the OSCE. Participants were 38% female, were an average of 34 years old, and came from a variety of specialty training areas, including internal medicine, general surgery, and the general medicine outpatient and casualty departments ( Table 2) . A total of 73 ultrasound examinations were performed during on-the-job training sessions, which averaged 9.12 scans per participant. One physician was absent on the day of the pretest and; thus, his pretest and posttest results were omitted from the statistical analysis.
Pretest scores on ultrasound principles and image interpretation revealed a low baseline level of knowledge (31%), with significant improvement seen on the posttest evaluation (66%; P 5 .00003; Table 3 ). In addition, all 8 participants scored 100% on image acquisition and interpretation in the OSCE at the completion of the course (Table 3) and showed similar high self-rated confidence levels for their ability to obtain each of the 4 FAST views. The cardiac view was rated slightly lower than the other FAST views (Figure 1 ). On the postcourse evaluations, participants were very satisfied with the course value and would recommend the course to registrars in the future (Table 4) . Seven of 8 stated that they would consider paying tuition for the course. Common participant feedback was to increase the length of the course, particularly the practical components.
Discussion
Effectiveness of Short-term Training As has been shown in other studies, the theoretical and practical aspects of emergency ultrasound can be taught to physicians with limited or no background in just a matter of days. Assessing the main technical skill of image acquisition, each participant could independently obtain all appropriate FAST images during the final OSCE. The OSCE was performed on a healthy male volunteer with an ideal body weight. Given the ease with which many trainees learned the basic FAST images, similar future training may consider a more complex OSCE incorporating different clinical scenarios, both male and female patients, and volunteers with obesity or ascites if available. This approach would be more timeconsuming but would provide a better understanding of participants' skill levels.
Regarding theory and application, all 7 participants with complete data showed significant improvement on their posttest, more than doubling their score on average. Three of these participants exceeded 70% on their posttest, which is considered passing for emergency physicians in the United States. Of perhaps greater importance is the degree to which participants felt comfortable actually performing the skill independently during patient care. Most rated themselves highly confident in all views, with some participants reporting confusion in the cardiac view. This finding could guide the use of Range for baseline number of scans: 0 to 25 to more than 250 scans completed before the beginning of the course. Range for prior experience: 1, no experience at all; to 5, enough experience to teach someone else how to use and interpret ultrasound. NA indicates not available or not provided.
training time in similar future courses, increasing the focus on the cardiac view. All participants reported that they were likely to use ultrasound in their regular practice on the basis of this experience. Despite the objective improvement in skills obtained in the short course, most participants thought that the length of the course was not long enough, particularly in the practical sections.
Participant Feedback and Course Length
Although lecture components were appreciated and seemed to assist in improving posttest results, the strong feedback from the group was a benefit of one-to-one practical training. Seventy-five percent of participants wished that the hands-on component could have been longer, which is remarkable because practical sessions already constituted more than 75% of the study team's time on-site. The need for hands-on practical training was recognized when planning the course, with an initial goal of 25 scans per participant based on American College of Emergency Physicians recommendations. Despite the time allocated for practical training on the schedule, only 73 total scans, or 9.12 scans per participant, were performed during the on-the-job practicum (outside initial training and final assessment). With 3 portable machines and 5 hours of scanning time daily for 4 days, this number averaged only 1.2 scans per hour per training machine. Although this result was partially due to the time needed for newly trained clinicians, it is a greater reflection of the approach taken of on-the-job training rather than dedicating time in the trainee's schedule for scanning. Although on-the-job training is desirable, 1.2 scans per hour do not represent a costeffective use of time for a short course. Those planning similar courses may consider a mixed approach, reserving clinician time for dedicated scanning early in the training to build confidence and speed and allowing time for on-the-job training later in the course when it may be more efficient.
Long-term Impact
A frequent concern regarding short-term ultrasound training is the long term impact. For impact to occur, participants have to not only master their new skills but also apply them regularly to patient care using local equipment in a real-time setting. We attempted to improve this transition from learning to practice by training with the local equipment and incorporating 
Question Result
How would you rate the length of the course for learning the material? 1 (too short) to 5 (too long)
1.5
Considering the overall value of what you have learned this week, it was: 1 (no value) to 5 (an exceptional value, worth paying tuition to attend)
Overall, how satisfied are you with the ultrasound course this week? 1 (very dissatisfied) to 5 (very satisfied)
5.0
How likely would you be to recommend this course to a friend or colleague? 1 (not likely) to 10 (very likely)
9.5
On a scale of 1 to 10, how likely are you to use ultrasound in your medical practice? 1 (not likely) to 10 (very likely)
Values are medians of responses collected from all 8 participants.
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training into the physicians' normal patient care duties. Evaluating the long-term impact is much harder than immediate knowledge transfer and skill acquisition. In addition to providing FAST examination training, documentation procedures were taught for both patient care and program-monitoring purposes. Log books associated with the local GE Vscan equipment were updated to allow for documentation of scans performed and the impact the scans made in clinical care. These logs, if appropriately used, will allow for tracking of scans performed over time. Staff radiologists at MZRH were involved in the planning and execution of the course and agreed to act as ongoing resources for trainees.
A perhaps less well-recognized component of longterm implementation of bedside ultrasound training in low-and middle-income countries is the security and maintenance of portable imaging units. 12 At MZRH, the administration took this concern very seriously when 2 ultraportable GE Vscan units were donated to the hospital in August 2012. To date, both machines' kits remain secure and functional by limiting access to trained individuals via a strict sign-out policy from the hospital store, requiring 2 individuals to verify contents. This process has made access to the machines challenging after normal work hours, and a similar system is now being implemented based out of the hospital's intensive care unit, which has 24-hour staffing. Regarding maintenance, the size of the unit allows for comparatively easy shipment of replacement batteries and cords, but logistic challenges remain.
Sustainability and Perceived Value
No funding was provided for this course, and all travel and in-country costs were paid by the trainer physicians at their own expense. The total cost of this training, including US faculty salary, transportation, and lodging, alone would have amounted to more than US$12,000, resulting in a participant fee of more than US$1500, which exceeds the monthly income of a fully trained government physician in Tanzania. As it stands, such an approach is not sustainable, but more accessible local options may soon be possible. The demand for training among our course participants is strong, with 7 of 8 participants stating that they would consider paying tuition for a similar course. As awareness and demand rise and local accessible experts become available, sustainable training centers may be established.
Tanzania's first emergency medicine residency program was established in 2010 and includes point-of-care emergency ultrasound training in its curricula. 13 The program graduated its first class of 8 emergency medicine physicians in 2013. 13 We anticipate that as more graduates complete this program and move into their own practice, formal physician training sites for emergency medicine will proliferate, as well as options for point-of-care ultrasound training.
For the time being, however, most physician pointof-care ultrasound courses conducted in low-and middleincome countries have been funded through nongovernmental organizations or private funds. The increasing demand for such training and overall lack of formal funding for such courses have inspired some innovative costeffective solutions. As an example, after a point-of-care ultrasound training course study in rural Rwanda, a participant from each site was assigned as an "ultrasound coordinator," who was responsible for uploading and e-mailing participants' images to course staff in the United States for ongoing image review and support after the course.
14 Certainly there is no substitute for local providers who are proficient in ultrasound to teach their skills to other providers; however, applying telemedicine and distance-learning techniques to ultrasound training could represent a cost-effective avenue for increasing sustainability in the interim. One study found that 82% of surveyed providers using ultrasound in low-and middle-income countries were interested in using remote applications for improving their ultrasound skills. 14 
Study Limitations
As noted earlier, the curriculum covered in this short training course was limited to basic ultrasound principles and the FAST examination, with some discussion of how these views could be applied to the nontrauma setting. Concern arose in the planning and implementation of the curriculum that trainees might overestimate their ultrasound skills and attempt to apply the skills learned in the course to clinical scenarios in which their skills were not adequate and potentially cause patient harm. Limitations of the curriculum were stressed to the participants throughout the didactic and practical sessions, and the participants were taught to involve radiology staff at any time there was doubt in their findings.
Regarding the evaluation of the training program, our study included an evaluation of the impact on trainees' confidence, abilities, and attitudes. However, it did not include third-party verification of their technical abilities or evaluate the clinical impact on patient care and outcomes. Using the locally available GE Vscan device for image storage, annotation, and access is challenging without a computer loaded with the appropriate software. Future training could focus on image storage for thirdparty review and expert consultation, but this aspect was not taught in this short course, in part because of a lack of dependable and dedicated computing equipment. As described above, ultrasound logbooks were established in an effort to evaluate the ongoing long-term clinical impact and a future visit is planned to review logbooks and evaluate participants' knowledge retention.
Conclusions
This study shows that a week-long training program is adequate for teaching the FAST examination to ultrasound-na€ ıve physicians in a resource-constrained environment. Recommendations for future similar programs would include increasing time spent on supervised practice sessions and providing a platform for trainees to submit ultrasound images for review by course trainers after completion of the program. Ongoing data collection is required to understand the true impact of such training on long-term ultrasound use and patient outcomes.
